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INTEGRATED MOISTURE, LENGTH, AND 
STRENGTH TESTER 

FIELD 

This invention relates to the ?eld of ?ber testing. More 
particularly, this invention relates to measuring the moisture 
content, length, and strength of cotton ?bers. 

BACKGROUND 

Several factors e?fect hoW cotton or other ?bers are graded 
or classed. For example, some of the factors that affect the 
grade assigned to cotton ?bers are the moisture content of 
the sample, the length of the cotton ?bers, the tensile 
strength of the cotton ?bers, the color of the ?bers, and the 
trash content of the cotton. Thus, various tests are often 
conducted on different ?ber samples to determine these 
factors. Once the factors are determined, the ?ber can be 
classed. These factors can also be used to set processing 
parameters for the ?bers. 
Some of these factors are dependent one upon another. 

For example, the length and strength of the ?bers tends to be 
dependent at least in part upon the moisture content of the 
sample. Generally, the length and strength of ?bers tend to 
increase as the moisture content of the sample increasesiat 
least up to a point. For this reason, a given sample may be 
humidity conditioned for a speci?ed period of time before 
the tests are conducted, so that the tests are performed at 
some knoWn or assumed moisture value. In this manner, the 
length and strength readings can be correlated betWeen ?ber 
samples. 

HoWever, it is not alWays practical to humidify a sample 
prior to testing. For example, it may be desirable to knoW the 
actual moisture content of the sample, and not condition the 
sample to some baseline moisture value. When such testing 
is desired, different ?ber samples are typically pulled and 
sent to different pieces of inspection equipment for the 
various tests desired, such as length, strength, and moisture 
content. 

Unfortunately, as mentioned above, the length and 
strength of the ?bers tends to be dependent, at least in part, 
on the moisture content of the ?bers. Because the moisture 
content can vary from one ?ber sample to another, there is 
no guarantee that the moisture content of the sample sent for 
moisture analysis is the same as the moisture content of the 
sample sent for strength analysis, or the same as that of the 
sample sent for length analysis. Thus, the values determined 
for length and strength might not be readily comparable to 
values determined for other samples, because the moisture 
content of the length and strength samples might not really 
be knoWn. 

What is needed, therefore, is a system of testing that 
overcomes problems such as those described above, at least 
in part. 

SUMMARY 

The above and other needs are met by a ?ber testing 
station having moisture testing means, and at least one of 
strength testing means, and length testing means, Where the 
moisture testing means and the at least one of the strength 
testing means and the length testing means have common 
?ber sample engagement components, and are disposed 
Within a common testing site that operates on a single ?ber 
sample, such that the ?ber sample is not transported betWeen 
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2 
any of the moisture testing means and the at least one of the 
strength testing means and the length testing means. 

In this manner, at least one of length and strength readings 
are taken on the same ?ber sample that is used for the 
moisture testing. Thus, the moisture content of the sample is 
knoWn, and the length and strength readings on the sample 
can be correlated With the actual moisture content. Further, 
these measurements are taken in a highly integrated fashion, 
Where a single testing device can be used to take all three 
readings. 

In one embodiment, electrically conductive ?rst ?ber 
retaining means engage ?rst ends of ?bers, Where the ?bers 
extend in substantially one direction from the ?rst ?ber 
retaining means to distal second ends of the retained ?bers. 
The ?rst ?ber retaining means are electrically isolated from 
the ?ber testing station. First length measurement means 
measure ?rst relaxed lengths of the retained ?bers betWeen 
the ?rst ?ber retaining means and the second ends of the 
retained ?bers. Electrically conductive second ?ber retain 
ing means engage the second ends of the retained ?bers. The 
second ?ber retaining means are electrically isolated from 
the ?ber testing station. Moisture measurement means take 
electrical measurements along the retained ?bers betWeen 
the ?rst ?ber retaining means and the second ?ber retaining 
means, and thereby determine a moisture content of the 
retained ?bers. Tension means pull the ?rst ?ber retaining 
means and the second ?ber retaining means aWay from one 
another, and thereby stretch the retained ?bers until the 
retained ?bers break at a fracture point. Second length 
measurement means measure second tracted lengths of the 
retained ?bers at the fracture point. 

In various embodiments of the invention, the ?rst length 
measurement means and the second length measurement 
means are one measurement means. In one embodiment the 

tension means pulls the second ?ber retaining means aWay 
from the ?rst ?ber retaining means While the ?rst ?ber 
retaining means remain stationary. In some embodiments the 
?rst length measurement means include a linear array of 
light sensors disposed on a ?rst side of the retained ?bers 
and at least one light disposed on a second opposing side of 
the retained ?bers. The second length measurement means 
are, in some embodiments, attached to the tension means 
and measure a distance betWeen the ?rst ?ber retaining 
means and the second ?ber retaining means as they are 
pulled aWay from one another. A vacuum port may draW a 
How of air from the ?rst ?ber retaining means through the 
?rst length measurement means to draW the retained ?bers 
into the ?rst length measurement means. 

According to another aspect of the invention there is 
described a method of testing ?bers by engaging ?rst ends 
of ?bers With electrically conductive ?rst ?ber retaining 
means. The ?bers extend in substantially one direction from 
the ?rst ?ber retaining means to distal second ends of the 
retained ?bers. The ?rst ?ber retaining means are electrically 
isolated from the ?ber testing station. First relaxed lengths 
of the retained ?bers are measured betWeen the ?rst ?ber 
retaining means and the second ends of the retained ?bers 
With ?rst length measurement means. The second ends of the 
retained ?bers are engaged With electrically conductive 
second ?ber retaining means. The second ?ber retaining 
means are electrically isolated from the ?ber testing station. 
Electrical measurements are taken along the retained ?bers 
betWeen the ?rst ?ber retaining means and the second ?ber 
retaining means With moisture measurement means, and a 
moisture content of the retained ?bers is thereby determined. 
The ?rst ?ber retaining means and the second ?ber retaining 
means are pulled aWay from one another With tension 
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means, and the retained ?bers are thereby stretched until the 
retained ?bers break at a fracture point. Second tracted 
lengths of the retained ?bers at the fracture point are 
measured With second length measurement means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages of the invention are apparent by 
reference to the detailed description When considered in 
conjunction With the ?gures, Which are not to scale so as to 
more clearly shoW the details, Wherein like reference num 
bers indicate like elements throughout the several vieWs, and 
Wherein: 

FIG. 1 is a functional block diagram of an apparatus 
according to a preferred embodiment of the present inven 
tion, With a ?ber sampler in a ?rst position. 

FIG. 2 is a functional block diagram of an apparatus 
according to a preferred embodiment of the present inven 
tion, With the ?ber sampler having acquired a ?ber sample. 

FIG. 3 is a functional block diagram of an apparatus 
according to a preferred embodiment of the present inven 
tion, With the ?ber sampler in a second position. 

FIG. 4 is a functional block diagram of an apparatus 
according to a preferred embodiment of the present inven 
tion, With the ?ber sample being groomed. 

FIG. 5 is a functional block diagram of an apparatus 
according to a preferred embodiment of the present inven 
tion, With the ?ber sampler in a third position. 

FIG. 6 is a functional block diagram of an apparatus 
according to a preferred embodiment of the present inven 
tion, With the ?ber sample being tested. 

FIG. 7 is a functional block diagram of a ?ber tester 
according to a preferred embodiment of the present inven 
tion, With the ?ber sample outside the ?ber tester. 

FIG. 8 is a functional block diagram of a ?ber tester 
according to a preferred embodiment of the present inven 
tion, With the ?ber sample inside the ?ber tester. 

FIG. 9 is a functional block diagram of a ?ber tester 
according to a preferred embodiment of the present inven 
tion, With the ?ber sample clamped inside the ?ber tester. 

FIG. 10 is a functional block diagram of a ?ber tester 
according to a preferred embodiment of the present inven 
tion, With the ?ber sample broken by moving the clamp 
inside the ?ber tester. 

FIG. 11 is a functional block diagram of a ?ber tester 
according to an alternate embodiment of the present inven 
tion, With the ?ber sample broken by moving the ?ber 
sampler. 

FIG. 12 is a functional block diagram of a ?ber tester 
according to a preferred embodiment of the present inven 
tion, With the broken ?ber sample expelled. 

FIG. 13 is a graph of ?ber lengths Within the ?ber sample. 

DETAILED DESCRIPTION 

With reference noW to FIG. 1, there is depicted a ?ber 
tester 10. The ?ber tester 10 preferably has three basic 
stations, including a sampling station 14, a grooming station 
16, and a testing station 18. The ?ber sample is preferably 
draWn from the sampling station 14, such as by a comb 22 
on a carrier 12. The carrier 12 is brought into proximity With 
the sampling station 14, and the other stations 16 and 18, 
such as by a stage 26 that can move back and forth. In an 
alternate embodiment, the carrier 12 maintains its position, 
and the sampling station 14 is brought into position adjacent 
the carrier 12, such as by mounting the station 14 on a stage 
26. Thus, either one or both of the carrier 12 and the stations 
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4 
12, 16, or 18 at Which it is placed may be moved so as to 
engage the carrier 12 With the station. Further, at some 
stations the carrier 12 may move to the station, and at other 
stations the station may move to the carrier 12. For sim 
plicities sake, the folloWing examples state that the carrier 
12 moves to the station, but it is understood that this 
description is not by Way of limitation. 

In any of the embodiments discussed above, the carrier 12 
preferably rides along a rail 20 that enables the carrier 12 to 
move from station to station Within the ?ber tester 10. FIG. 
2 depicts the carrier 12 in the retracted position, With ?bers 
24 caught in the comb 22. In this con?guration, the ?bers 24 
are also referred to as a beard 24. 

The carrier 12 is preferably moved along the rail 20 to the 
second position as depicted in FIG. 3, and the stage 26 is 
extended to the grooming station 16, Where the beard 24 is 
brushed or otherWise prepared for testing, as depicted in 
FIG. 4. This preparation process preferably someWhat 
straightens and paralleliZes the individual ?bers of the beard 
24, in preparation for testing. 
The carrier 12 is then retracted back toWards the rail 20 on 

the stage 26, and indexed to the third position, as depicted 
in FIG. 5. The carrier 12 is then extended toWard the testing 
station 18 on the stage 26, Where the beard 24 is tested. 
FIGS. 7*12 depict a series of preferred steps in the testing 
process. The functions and construction of this single testing 
station 18 are predominantly discussed in the description 
provided beloW. 
As depicted in FIG. 7, With the carrier 12 in the retracted 

position, such as that depicted in FIG. 5, the beard 24 
preferably does not extend Within the testing station 18. As 
depicted in greater detail in FIG. 7, the carrier 12 may be 
electrically isolated from the comb 22, such as by a non 
electrically conductive layer 28. The comb 22, or other 
means that are used to engage the ends of the ?bers 24, is 
preferably electrically conductive. The signi?cance of the 
electrical conductivity of the comb 22 and its possible 
electrical isolation from the other elements of the system 10 
are described in more detail hereafter. 

The testing station 18 preferably includes a housing 38, 
Which separates the interior elements of the testing station 
18 from the other elements of the system 10. To perform the 
tests, the carrier 12 and the testing station 18 are moved 
toWard each other as depicted in FIGS. 6 and 8. As men 
tioned above, either one or both of the carrier 12 and the 
testing station 18 could be moved to provide this engage 
ment betWeen the carrier 12 and the testing station 18. As 
this is done, the beard 24 preferably extends Within the 
testing station 18, such as through a slot in the housing 38. 
In some embodiments, a draft of air, such as draWn through 
vacuum port 36, assists the beard 24 in entering the testing 
station 18. 

The beard 24 is preferably measured as it enters the 
testing station 18. This is most preferably accomplished by 
measurement means 30 and 32. In the preferred embodi 
ments, measurement means 30 and 32 are a linear series of 
sensors, such as light sensors, on one side of the beard 24, 
and a light, such as a linear series of light emitting diodes, 
on the other side of the beard 24. Thus, as the beard 24 enters 
the testing station 18 through the slot, the individual ?bers 
of the beard 24 block the light passing betWeen the mea 
surement means 30 and 32. This blockage can be detected 
With the sensors, and correlated With the position of the 
carrier 12 on the stage 26 to determine the various lengths 
of the ?bers in the beard 24, such as With a graphical plot 40 
as depicted in FIG. 13. Thus, the length of the ?bers in the 
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beard 24 is preferably determined When the beard 24 is 
inserted into the testing station 18. 
Once the beard 24 has been inserted into the testing 

station 18, and the length of the ?bers 24 preferably deter 
mined, the beard 24 is preferably retained on the end 
inserted Within the testing station 18, such as by jaWs 34. 
The jaWs 34 are preferably electrically conductive and, 
similar to that described above in regard to the comb 22, may 
also be electrically isolated from the rest of the system 10. 
Electrical connections are preferably provided betWeen the 
jaWs 34 and the comb 22 to an electrical testing apparatus, 
Which is used to determine the moisture content in the beard 
24 betWeen the comb 22 and the jaWs 34. At least one of the 
jaWs 34 and the comb 22 are preferably electrically isolated 
from the rest of the system 10 so that this electrical test can 
be conducted to determine the moisture content of the beard 
24. In one embodiment, one of the jaWs 34 and the comb 22 
are electrically isolated from the rest of the system 10, and 
the other is grounded With the rest of the system 10. In 
another embodiment, both the jaWs 34 and the comb 22 are 
electrically isolated from the system. Most preferably, a 
method such as one based on the electrical resistance of the 
beard 24 betWeen the comb 22 and the jaWs 34 is used to 
determine the moisture content of the beard 24. 

After the moisture content of the beard 24 is measured, a 
second set of jaWs 35 is clamped on the beard 24, and the 
jaWs 35 and the jaWs 34 are preferable pulled apart, one from 
another. As depicted in FIG. 10, this pulling is accomplished 
by retracting the jaWs 34 aWay from the jaWs 35. The pulling 
could also be accomplished by retracting at least one of the 
comb 22 and the jaWs 34 aWay from each other, Without the 
use of the jaws 35, as depicted in FIG. 11. The separation is 
preferably continued until the beard 24 breaks, as depicted 
in both FIGS. 10 and 11. 

It is appreciated that the time at Which the second set of 
jaWs 35 is clamped onto the beard 24 can vary, from one 
embodiment to another. For example, if the jaWs 35 are 
electrically isolated or non electrically conducting, then they 
can be clamped onto the beard 24 prior to taking the 
moisture measurement on the beard 24. Further, the stretch 
ing and breaking of the ?bers 24 can be accomplished 
betWeen any tWo of the comb 22, jaWs 34, and jaWs 35, in 
various embodiments. 
A variety of measurements can be taken during this 

breaking process. For example, the force required to sepa 
rate the jaWs 35 and the jaWs 34 can be measured during the 
breaking process. Further, the distance by Which the beard 
24 Was stretched or elongated prior to breaking can also be 
measured, as determined by the distance by Which the jaWs 
35 and the jaWs 34 Were separated during the breaking 
process. Either or both of these measurements can be used 
to determine a strength value for the ?bers 24, Which 
strength measurement is the third measurement to be taken 
by the testing station 18. 

Once tWo or more of the three measurements have been 
taken as desired, the tWo ends of the broken beard of ?bers 
24 are preferably released from the comb 22 and the jaWs 34 
and discarded, and the carrier 12 is preferably cycled back 
to the ?rst position as depicted in FIG. 1 to start the 
sampling, grooming, and testing process aneW With another 
?ber sample. 

In this manner, the testing station 18 is adapted to take 
three measurements on the ?bers 24, Which three measure 
ments are length, moisture content, and strength. All three 
measurements can be taken on the same beard of ?bers 24. 
Thus, the length and strength of the ?bers 24 can be 
correlated to the moisture content of the ?bers 24, as 
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6 
determined from the same beard of ?bers 24. As mentioned 
above, because the length and strength of the ?bers 24 both 
tend to be dependent at least in part on the moisture content 
of the ?bers 24, measurement of all three factors on the same 
beard 24 tends to produce more accurate correlations and 
measurements. Further, by performing all three measure 
ments Within a single testing station 18, the tests can be 
performed in a very time e?icient manner. 
The foregoing description of preferred embodiments for 

this invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed. Obvious modi 
?cations or variations are possible in light of the above 
teachings. The embodiments are chosen and described in an 
effort to provide the best illustrations of the principles of the 
invention and its practical application, and to thereby enable 
one of ordinary skill in the art to utiliZe the invention in 
various embodiments and With various modi?cations as are 
suited to the particular use contemplated. All such modi? 
cations and variations are Within the scope of the invention 
as determined by the appended claims When interpreted in 
accordance With the breadth to Which they are fairly, legally, 
and equitably entitled. 

What is claimed is: 
1. A ?ber testing station comprising: 
moisture testing means, and 
at least one of 

strength testing means, and 
length testing means, 

Where the moisture testing means and the at least one of 
the strength testing means and the length testing means 
have common ?ber sample engagement components, 
and are disposed Within a common testing site that 
operates on a single ?ber sample, such that the ?ber 
sample is not transported betWeen any of the moisture 
testing means and the at least one of the strength testing 
means and the length testing means as testing is per 
formed. 

2. The ?ber testing station of claim 1, further comprising 
a single ?ber retaining means in Which the ?ber sample is 
retained While moisture testing and at least one of strength 
testing and length testing are performed on the ?ber sample. 

3. A ?ber testing station comprising: 
electrically conductive ?rst ?ber retaining means adapted 

to engage ?rst ends of ?bers, Where the ?bers extend in 
substantially one direction from the ?rst ?ber retaining 
means to distal second ends of the retained ?bers, 

?rst length measurement means adapted to measure ?rst 
relaxed lengths of the retained ?bers betWeen the ?rst 
?ber retaining means and the second ends of the 
retained ?bers, 

electrically conductive second ?ber retaining means 
adapted to engage the second ends of the retained ?bers 
While the ?rst ends of the ?bers remain engaged by the 
?rst ?ber retaining means, 

at least one of the ?rst ?ber retaining means and the 
second ?ber retaining means electrically isolated from 
the ?ber testing station, 

moisture measurement means adapted to take electrical 
measurements along the retained ?bers betWeen the 
?rst ?ber retaining means and the second ?ber retaining 
means and thereby determine a moisture content of the 
retained ?bers, 

tension means adapted to stretch the retained ?bers using 
the second ?ber retaining means until the retained 
?bers break at a fracture point, and 
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second length measurement means adapted to measure 
second tracted lengths of the retained ?bers at the 
fracture point. 

4. The ?ber testing station of claim 3, Wherein the ?rst 
length measurement means and the second length measure 
ment means are one measurement means. 

5. The ?ber testing station of claim 3, Wherein the tension 
means pulls the second ?ber retaining means aWay from a 
third ?ber retaining means While the third ?ber retaining 
means remain stationary. 

6. The ?ber testing station of claim 3, Wherein the ?rst 
length measurement means include a linear array of light 
sensors disposed on a ?rst side of the retained ?bers and at 
least one light disposed on a second opposing side of the 
retained ?bers. 

7. The ?ber testing station of claim 3, Wherein the second 
length measurement means are attached to the tension means 
and measure a distance betWeen the ?rst ?ber retaining 
means and the second ?ber retaining means as the second 
?ber retaining means break the ?bers. 

8. The ?ber testing station of claim 3, further comprising 
a Vacuum port adapted to draW a How of air from the ?rst 
?ber retaining means through the ?rst length measurement 
means to draW the retained ?bers into the ?rst length 
measurement means. 

9. A method of testing ?bers, the method comprising the 
steps of: 

engage ?rst ends of ?bers With electrically conductive 
?rst ?ber retaining means, Where the ?bers extend in 
substantially one direction from the ?rst ?ber retaining 
means to distal second ends of the retained ?bers, 

measure ?rst relaxed lengths of the retained ?bers 
betWeen the ?rst ?ber retaining means and the second 
ends of the retained ?bers With ?rst length measure 
ment means, 

engage the second ends of the retained ?bers With elec 
trically conductive second ?ber retaining means, 

15 

20 

25 

30 

35 

8 
Where at least one of the ?rst ?ber retaining means and the 

second ?ber retaining means are electrically isolated 
from the ?ber testing station, 

take electrical measurements along the retained ?bers 
betWeen the ?rst ?ber retaining means and the second 
?ber retaining means With moisture measurement 
means, and thereby determine a moisture content of the 
retained ?bers, 

stretch the retained ?bers until the retained ?bers break at 
a fracture point, and 

measure a strength of the retained ?bers With at least one 
of second tracted lengths of the retained ?bers at the 
fracture point and a force required to fracture the 
retained ?bers. 

10. The method of claim 9, Wherein the ?bers are 
stretched by pulling the second ?ber retaining means aWay 
from the ?rst ?ber retaining means While the ?rst ?ber 
retaining means remain stationary. 

11. The method of claim 9, Wherein the ?bers are 
stretched by pulling the ?rst ?ber retaining means aWay 
from the second ?ber retaining means While the ?rst ?ber 
retaining means remain stationary. 

12. The method of claim 9, Wherein the ?bers are 
stretched by pulling the second ?ber retaining means aWay 
from a third ?ber retaining means While the ?rst ?ber 
retaining means and the third ?ber retaining means remain 
stationary. 

13. The method of claim 9, Wherein the ?rst length 
measurement means are a linear matrix of light sensors on 
a ?rst side of the retained ?bers and at least one light on a 
second opposing side of the retained ?bers. 

14. The method of claim 9, further comprising the step of 
draWing a How of air from the ?rst ?ber retaining means 
through the ?rst length measurement means to draW the 
retained ?bers into the ?rst length measurement means. 


